Abstrsct 12 Clerodendrum trichotomum, an important medicinal plant, has excellent salt tolerance and beautiful 13 ornamental character. However, reliable reference genes for quantitative real-time PCR data (qRT-PCR) in 14 C. trichotomum have not been investigated. Using our previous transcriptome data, 17 reference genes were 15 selected in different tissues (leaves, flowers, fruits, stems, and roots) and under various abiotic stresses (salt, 16 drought, flood, and heat) for C. trichotomum, using four different reference gene analysis software types: 17 GeNorm, NormFinder, BestKeeper and ReFinder. The results identified RPL, ACT and HSP70 as the three 18 most suitable reference genes for tissues. Genes ACT and AP-2 were most stably expressed under drought 19 stress; MDH and UBCE2 were stable under flooding stress; RPL and UBCE2 were most stable under salt 20 stress; and MDH and EF-1A were most appropriate under heat stress. For abiotic treatments, RPL, MDH 2 21
Introduction 28
Clerodendrum, a genus of flowering plants in the family Lamiaceae (Verbenaceae) , is 29 widely distributed across China, Korea, Taiwan, Japan and India (Yamazaki., 1993) . Clerodendrum 30 trichotomum has been used for medicinal substances to act against human tumor cells (Wang et al., 2013a) 31 and many new medicinal substances have been found in its tissues (Wang et al., 2013b; Xu et al., 2014) . 32 Moreover, C. trichotomum shows strong abiotic stress resistance and is easy to cultivate and manage 33 (Mahmuc et al., 2008). As an ornamental plant, C. trichotomum has white petals, with a green calyx which 34 turns red as the fruit ripens. The fruits (drupes) shift from white to bright blue and eventually dark blue in 35 maturity. However, stable reference genes for C. trichotomum remain largely unknown and deeper research 36 on molecular mechanisms in C. trichotomum is limited. Hence, selecting accurate reference genes for 37 qRT-PCR analysis is urgently needed. 38 Generally, the reference genes used for plant research include glyceraldehyde-3-phosphate 39 dehydrogenase (GAPDH), Actin (ACT), elongation factor 1 alpha (EF-1A), elongation factor 4 alpha plants with short growth cycles, with few studies performed on woody plants. However, woody plants in 49 particular have higher biomass and longer growth period, and have a strong ability to deal with soil 50 salinization and other problems . 51 There has been no recent systematic screening of internal reference genes of C. trichotomum. Here, 52 samples of C. trichotomum which were used for reference gene selection were collected from different 53 provinces in China and named according to their place of sampling. Our previous physiological and 54 molecular experiments showed that C. trichotomum sourced from Taian (TA) showed strong salt tolerance, 55 and that sourced from Yancheng (YA) had the longest flowering period among all sources. Through the 56 sequencing datasets of C. trichotomum, 17 reference genes were detected by qRT-PCR in roots, stems and 57 different developmental stages of leaves, flowers and fruits: ACT, PP2A, RPL, PK, 18S, RAN, APT, SAND , 58 PROF, MDH, EF-1A, UBCE2, AP-2, HSP70, TUA, UBQ and H3. Expressions of these reference genes 59 were analyzed in different tissues and various abiotic treatments. Then, four software types were used to The Na + /H + Exchanger1 gene (ClNHX1) had been identified as crucial in strengthening the different 64 abiotic stress tolerances of plants, especially salt tolerance (Jha et al., 2011; Sahoo et al., 2016) , as has the 65 gene for laccase (ClLAC) which is involved in lignin synthesis and is expressed in different organs 66 (Kitajima et al., 2017; Li et al., 2018) . In this study, ClNHX1 and ClLAC of C. trichotomum were selected 67 to validate the reliability of target reference genes, and the results indicated that our reference genes 68 selection was reliable. This work provided a solid reference gene resource for further molecular research of 69 C. trichotomum.
70

Materials and methods
71
Plant materials and stress treatments 72 The C. trichotomum samples from TA and YA were used in this study. Plants were grown in the Baima 73 Research and Teaching Base of Nanjing Forestry University (Nanjing, China). Five tissue samples were 74 collected: stems, roots, leaves (young, mature and old leaves), flowers (flower bud, early flowering and full 75 flowering stages) and fruits (early, mid and late development). All materials were immediately frozen in 76 liquid nitrogen and then kept at -80°C until used. 77 Cuttings were planted in pots filled with a 1:1:1:2 mixture of perlite: vermiculite:peat:sand. Plants 78 were maintained in a growth chamber (RDN-1000-3, Southeast Instrument Factory, Ningbo, China) with 79 14-h photoperiod, 25/21°C (day/night), light intensity 180 mmol/m 2 /s and relative humidity of 60% for 3 80 months. Cuttings were put into quarter-strength Hoagland medium (Hoagland et al., 1905) adapted for one 81 week before performing abiotic stress treatments. For drought and salinity stress treatments, the cuttings 82 were transferred into nutrient solution with 100 mmol/l NaCl or 15% PEG6000, respectively. For flooding 83 treatments, plants were maintained in rainwater. The plants were preserved in the growth chamber at 5 84 42/35°C (day/night) for heat stress treatment. The leaves of three plants per replicate were collected 85 following salinity, drought and flood stress treatments at 0, 2, 6, 12, 24, 48 and 72 h. For thermal stress 86 treatment, the leaves of three plants per replicate were collected at 0, 2, 6, 12, 24 and 48 h. Then the leaves 87 were immediately frozen in liquid nitrogen and stored at -80°C until used. and reverse amplification primers were 0.4 μl, the 2× SYBR Primer Ex Taq TM was 5 μl, and the ddH 2 O was 106 3 μl. The reaction procedure was using our usual methods (Yang et al., 2018; Yue et al., 2017) . All 107 qRT-PCR reactions were repeated three times biologically and three times technically, and three times 108 template-free negative control.Ultimately, the reliability of the target reference genes were verified by using 109 ClNHX1 and ClLAC genes, the reaction volume and procedure were the same as above. 
Results
122
Assessment of primer specificity and PCR amplification efficiency 123 The single peak on the melting curve of each reference gene represented the specification of each gene ( Fig.   124 1). The amplification efficiency of theses 17 genes ranged from 96.67% (18S) to 99.68% (EF-1A) ( Fig. 1 ), 125 indicating that these genes had reliable amplification efficiency and were suitable for further gene 7 126 expression experiments. The correlation coefficients (R 2 ) of the standard curve ranged from 0.986(18S) to 127 0.999 (EF-1A) ( Table 1 ). The level of gene expression was determined by cycle threshold (CT), and the CT 128 values of 17 reference genes ranged from 19.66 (ACT) to 28.35 (PROF). These candidate genes showed 129 different levels of expression, ACT expression was the highest and PROF expression was the lowest ( Figure   130 2 experiments, AP-2, RPL and ACT were the most suited as reference genes in C. trichotomum (Table 3) . downregulated at other times. The ClLAC was highly expressed in stems and roots, followed by leaves( Fig.   192 4). The gene expression levels showed similar trends when they were normalized using the stable reference 193 genes that we identified. However, normalizing using H3 resulted in quite different results. GeNorm results indicated that we should choose two candidate genes, while in tissues, all abiotic stresses 220 and all samples, the results indicated that more than three genes were needed. This may be due to 221 significant differences in gene expression of sources we selected with distant phylogenetic relationships. 222 For convenience, when using internal reference genes, only the top three genes in the overall ranking should 223 be chosen. Due to different statistical algorithms and analysis procedures, the application of different 224 analysis software in the same tissue or treatment will lead to different verification results (Li et al., 2016) . In 225 our study, different software gave different results, but the stable ranking of genes was roughly the same. All abiotic stress  MDH  AP-2  RPL  RAN  APT  H3  RPL UBCE2 SAND  APT RAN H3  MDH AP-2  UBQ  RAN  APT  H3   TA all samples  ACT  PP2A  AP-2  RAN  APT  H3  RPL  ACT  SAND  RAN APT  H3  AP-2 MDH  PP2A  RAN  APT  H3 YA all samples RPL AP-2 ACT EF-1A PK H3 AP-2 RPL ACT APT PK H3 AP-2 SAND RPL EF-1A PK H3
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